Introduction: Depression is strongly associated with daily smoking. Yet, little is known about the association between depression and non-daily smoking. The aim of this study was to investigate the prevalence of past-year depression and changes in past-year depression over time among non-daily smokers, compared to daily smokers and never-smokers, overall and stratified by age, gender, income, nicotine dependence, and cigarettes per day. Methods: Data were drawn from the National Household Survey on Drug Use (NSDUH), an annual cross-sectional study of persons aged 12 and over (total study population N = 496 805). The prevalence of past-year depression was examined annually among non-daily smokers, daily smokers, and never-smokers from 2005 to 2013 using linear trend analyses. Results: Past-year depression was common among 10.10% of non-daily smokers, common among 10.78% of daily smokers, and 5.51% of never-smokers in 2013. The prevalence of depression increased from 2005 to 2013 among non-daily smokers (9.06% vs. 10.10%; p = .034) while there was no significant change in depression over time among daily smokers. Increases in depression among non-daily smokers occurred for both men and women and appear most pronounced youth, those smoking fewer cigarettes, and those without nicotine dependence.
Introduction
While daily smoking continues to decline in the United States, the decline in non-daily smoking, in comparison, may be considerably slower. 1 As various tobacco control efforts have successfully exerted pressure to reduce smoking over the past decade, 2, 3 non-daily smokers comprise an increasing proportion of smokers. [4] [5] [6] [7] Further, a significant number of non-daily smokers transition to daily smoking over time. [8] [9] [10] Non-daily smoking is associated with significant negative health consequences 11 and the greatest health benefits appear to come from quitting completely. [12] [13] [14] [15] At this time, little is known about how non-daily smokers differ from daily smokers in terms of characteristics implicated in smoking persistence.
Major depression is the most common psychiatric disorder in the United States. 16, 17 Numerous studies have documented relationships between major depression and lifetime and current smoking, [18] [19] [20] daily smoking, [21] [22] [23] and nicotine dependence. 18, [22] [23] [24] [25] In addition, studies suggest that depression is a barrier to successful smoking cessation 26 and increases vulnerability to smoking relapse. 27, 28 Despite the well-known association between depression and daily smoking, few studies have examined depression and non-daily smoking.
The few studies that have investigated depression and non-daily versus daily smoking examined a range of samples and measures of depression and report mixed findings. A cross-sectional study of US persons aged 12 and older reported that a past-year major depressive episode was not associated with smoking frequency (daily vs. non-daily; odds ratio [OR] = 1.14, 95% CI = 0.92-1. 42) 29 whereas a second cross-sectional study of US persons found no difference in the report of past-month "sad symptoms" in daily versus non-daily smokers (p = .33). 30 In one study of college students, daily and nondaily smokers reported similar average numbers of past-two week depression symptoms (daily smokers M = 1.50, SD = 1.47; non-daily smokers who were former daily smokers M = 1.45, SD = 1.38; nondaily smokers who were never daily smokers M = 1.44, SD = 1.36) 31 while a similar proportion of daily and non-daily smokers reported past-two week depression symptoms in a second study of college students (51.9% vs. 52.1%, p = .94). 32 Conversely, a cross-sectional study of Air Force recruits found that more non-daily smokers than daily light smokers reported feeling "sad and blue most of the time" (7% vs. 5%, χ 2 (2) = 8.97, p < .01). 33 Although daily smokers are more likely to report depression than nonsmokers, it is less clear whether non-daily smokers are also more likely to report depression than nonsmokers. In addition, no study has examined time trends in depression in non-daily smokers compared to daily or nonsmokers. This information is critical as an increasing prevalence of depression among non-daily smokers could be informative regarding the maintenance and relapse of smoking among this population. Further, a number of demographics are known to vary by depression and smoking status (eg, gender and income). 4, 34 To our knowledge, no prior studies have examined the association between depression and non-daily smoking by these demographic subgroups.
The current study used data from repeated annual cross-sectional surveys conducted from 2005 to 2013 in the US population to examine two primary aims. First, the study analyzed the most recent data (from 2013) to investigate the cross-sectional relationship between depression and non-daily smoking compared with daily smoking and nonsmoking overall and by age, gender, income, nicotine dependence, and cigarettes per day (CPD). Second, the study investigated trends in the prevalence of past-year depression from 2005 to 2013 among non-daily smokers compared with daily smokers and lifetime never-smokers overall and stratified by age, gender, income, nicotine dependence, and CPD.
Methods

Study Population
Study data were drawn from The National Survey on Drug Use and Health (NSDUH) public data portal (www.icpsr.umich.edu/) for the years 2005-2013. The NSDUH provides annual cross-sectional national data on the use of tobacco, other substance use, and mental health in the United States and is described in depth elsewhere. 35 Data were collected using audio computer-assigned self-interviewing. A multistage area probability sample for each of the 50 states and the District of Columbia was conducted to represent the male and female civilian non-institutionalized population of the United States aged 12 and older. The datasets from each year were concatenated, adding a variable for the survey year. Analyses were restricted to participants who responded to questions about past-year depression at the time of the interview (N = 496 805). Five thousand one hundred and forty six respondents were excluded due to non-response to questions about past-year depression (see Supplementary Table 1 for demographics by smoking status for excluded respondents).
Measures
Past-Year Depression
Depression modules that assessed the DSM-VI 36 criteria for pastyear major depressive episode were included in each annual survey. Questions were adapted from the depression section of the National Comorbidity Survey-Replication (NCS-R). 37 Due to additional questions about mental health in 2008 and 2009, a statistical adjustment was applied for depression in the years 2005-2008. This statistical adjustment allowed for comparison across all years (NSDUH, 2013 Codebook: Appendix E at www.icpsr.umich.edu/ icpsrweb/ICPSR/studies/35509). The past-year major depressive episode variables were created by combining the youth and adults variables for this study.
Cigarette Use
Frequency of cigarette use was assessed at each wave of data collection by the following questions: (1) "Have you ever smoked part or all of a cigarette?," (2) "During the past 30 days, have you smoked part or all of a cigarette?," and (3) "During the past 30 days, on how many days did you smoke part or all of a cigarette?" Respondents who responded "yes" to the first two questions and answered "30 days" to the third question were classified as past-month daily smokers. Respondents who responded "yes" to the first two questions and answered "1-29 days" to the third question were classified as past-month non-daily smokers. Respondents who responded to "no" to the first question were classified as lifetime never-smokers. Respondents who stated that they had smoked a cigarette in their lifetime but did not smoke a cigarette in the past 30 days (eg, former smokers) were excluded from the analyses.
Cigarettes Per Day
The average number of cigarettes smoked on days in the past month when respondents smoked cigarettes was calculated for both daily and non-daily smokers using the following query: "On the number of days you smoked cigarettes during the past 30 days, how many cigarettes did you smoke per day, on average?" Responses were recoded into three categories; those who smoked (1) 1-5 CPD (ie, a quarter of a pack or less), (2) 6-15 CPD (ie, about half a pack), and (3) 16 or more CPD (ie, a pack or more).
Demographic Characteristics
Demographic variables were categorized as follows: age (12-17 years old as reference group, 18-25, and ≥26), gender (male as reference group, female), and total annual family income (less than $20 000 as reference group, $20 000-$74 999, $75 000 or more).
Nicotine Dependence
Those participants reporting having smoked in the past 30 days were asked the time to smoking the first cigarette after waking in the morning. 38 Smoking within 30 minutes of waking (yes, no) was used as a proxy for nicotine dependence in each annual survey. Those smoking within 30 minutes of waking were categorized as being positive for nicotine dependence and those not smoking within 30 minutes of waking were categorized as negative for nicotine dependence. We used time to first cigarette as the indicator of nicotine dependence as studies have shown that much of the predictive value of the Fagerström Test for Nicotine Dependence 39 can be attributed to the time to first cigarette item and that this item has greater validity than any other single measure. 40 
Statistical Analysis
First, the prevalence of past-year depression in 2013 was calculated by smoking status and stratified by each demographic characteristic (ie, age, gender, total annual family income, nicotine dependence, and CPD). Logistic regressions tested the association between smoking status (non-daily smoking vs. lifetime never smoking; non-daily smoking vs. daily smoking) and past-year depression separately by each level of each demographic variable, nicotine dependence, and CPD using data from 2013 controlling for all other demographic and smoking variables. Differential association was tested with additional logistic regression models fit including 2-way interactions between smoking status and each demographic variable, nicotine dependence or CPD. All models were mutually adjusted for all other demographic and smoking variables.
Second, the prevalence of past-year depression and associated standard errors among the whole population and stratified by smoking status were calculated for each year from 2005 to 2013.
Time trends in the prevalence of past-year depression stratified by smoking status were tested using logistic regression with continuous year as the predictor for the linear time trend. These analyses were conducted twice: first with no covariates (unadjusted) and then while adjusting for age, gender, total annual family income, nicotine dependence, and CPD using the categories listed above. To determine whether there were differential time trends in past-year depression by smoking status, additional logistic regressions were run that included the 2-way interaction of year × smoking status (non-daily vs. daily smokers; non-daily vs. lifetime never-smokers).
Third, separate time trend analyses using logistic regression described above were conducted further stratified by either age, gender, total annual family income, nicotine dependence, or CPD. Time trends in the prevalence of past-year depression by smoking status group within each demographic, nicotine dependence, and CPD variable were tested using logistic regression with continuous year as the predictor to test the linear time trend. These analyses were conducted twice: once with no covariates (unadjusted model) and once controlling for the other demographic variables, nicotine dependence, and CPD (adjusted model). Differential time trends in past-year depression between smoking statuses were tested by 2-way interactions of year × smoking status (non-daily vs. daily smokers; non-daily vs. lifetime never-smokers) in logistic regressions stratified by each demographic, nicotine dependence, and CPD variable category. All analyses were carried out using SUDAAN 11.0.1 and adjusting for complex sampling (www.rti.org/sudaan/).
Results
Depression Among Non-Daily Smokers, Daily Smokers, and Never-Smokers: 2013
In 2013, among US persons aged 12 and older, 10.10% non-daily smokers met criteria for past-year depression compared to 5.51% of lifetime never-smokers (χ 2 = 31.76, df = 1, p < .0001). The prevalence of past-year depression among non-daily smokers and daily smokers (10.78%) did not differ (χ 2 = .5897, df = 1, p = .446; see data from the first row of Table 1 ).
Depression Among Non-Daily Smokers Compared
With Lifetime Never-Smokers by Age, Gender, and Income: 2013
Differences in the association between non-daily smoking, versus never smoking, and past-year depression in 2013 were observed by age and income, but not by gender or dependence (see Table 1 ). With regard to age, the prevalence of depression was higher in nondaily smokers than never-smokers for all three age groups. Notably, among youth ages 12-17, non-daily smoking was associated with a threefold increased likelihood of reporting past-year depression (adjusted OR = 3.54; 95% CI = 2.63-4.77; p < .0001) compared with lifetime never smoking. The association between non-daily smoking and depression among 12-17 year olds was significantly stronger compared to those ages 18-25 (adjusted OR = 1.92; 95% CI = 1.54-2.40; p < .0001; p-value for interaction [p int ] = .002) but not compared to those 26 years and older (adjusted OR = 2.05; 95% CI = 1.42-2.96; p < .001; p int = .314). In terms of total family annual income, the prevalence of past-year depression was greater for nondaily smokers (compared to never-smokers) in all three income groups with stronger relationship for the highest total annual family income level relative to the lowest level (adjusted OR = 3.06; 95% There were no differences in the relationship between non-daily smoking and past-year depression, compared with daily smoking, by age, gender, or CPD (see Table 1 ). In terms of total annual family income, the relationship between non-daily smoking and pastyear depression, compared with daily smoking, was stronger among higher income groups than the lowest income group and for those without nicotine dependence relative to those with nicotine dependence (see Table 1 ).
Trends in the Prevalence of Depression Among NonDaily Smokers: 2005-2013
From 2005 to 2013, the prevalence of past-year depression increased significantly among non-daily smokers (9.06%-10.10%, adjusted OR model = 1.02; 95% CI = 1.01-1.03; t test = 2.17; p = .034; see Table 2 ). This trend remained significant after adjusting for demographics, nicotine dependence, and CPD (adjusted OR model = 1.03; 95% CI = 1.01-1.04; t test = 3.27; p = .002). In addition, the prevalence of past-year depression increased significantly among lifetime never-smokers as did the prevalence of depression overall in the general population (6.62%-7.16%, adjusted OR model = 1.01; 95% CI = 1.00-1.03; t test = 2.20; p = .032) while there was no significant change in past-year depression among daily smokers over this time period. The linear trends between non-daily and daily smokers did not significantly differ (interaction year × smoking status, p-value for differential time trend in adjusted OR model: Wald F(1) = 1.19, p = .280, see Supplementary Figure 1 ).
Trends in Depression Among Non-Daily Smokers by Nicotine Dependence Status: 2005-2013
From 2005 to 2013, a significant increase in past-year depression among non-daily smokers without nicotine dependence was observed after adjusting for demographics and CPD while no change in depression occurred among those with nicotine dependence (see Table 3 ). No change in past-year depression from 2005 to 2013 was observed among daily smokers with or without nicotine dependence. The linear trends between non-daily and daily smokers were not significantly different from one another (interaction year × non-daily vs. daily smokers among those with and without past-year depression, Wald F(1) = 0.28, p = .600; Wald F(1) = 1.36, p = .249, respectively). Figure 3a and b). 
Trends in Depression Among
Discussion
Key Results and Interpretation
A primary finding of the current study is that the prevalence of past-year depression increased from 2005 to 2013 among non-daily smokers, but not daily smokers, and there was no difference between non-daily and daily smokers in the prevalence of past-year depression in the most recent data year. A number of potential mechanisms for the relationship between depression and smoking have been proposed including those related to genetics, self-medication, incentive learning, expectancy, and attention and motivational processes. [41] [42] [43] [44] A prior study suggested that non-daily smokers were less likely than daily smokers to report smoking to relieve negative states 45 while reporting negative affect regulation as a reason for non-daily smoking was associated with greater past-two week depressive symptoms among college students. 46 More research is needed to understand the mechanisms, including affect-regulation processes, underlying the depression-smoking relationship in general and specifically for non-daily smokers.
The association between depression and non-daily smoking further suggests a need to learn more about how depression impacts quit outcomes for non-daily smokers since depression has been linked to lower abstinence success in the general smoking population. 18, 20, 26, 27 Non-daily smokers are less likely than daily smokers to consider themselves to be "a smoker," report being addicted to smoking, expect quitting to be difficult, and express interest in smoking cessation interventions. 10, 32, [47] [48] [49] There are mixed data regarding whether non-daily smokers are less likely 47 or more likely 48, 50 than daily smokers to make a quit attempt. Understanding more about the impact of depression to motivation to quit and abstinence outcomes for non-daily smokers will provide information that can be used in interventions for this important subgroup of smokers.
The prevalence of past-year depression significantly increased over the study period for young non-daily smokers. Younger smokers are more likely to report nondaily smoking compared to older smokers. Younger nondaily smokers are equally likely to increase their smoking from nondaily to daily smoking as they are to reduce their smoking from nondaily to no smoking. 9 Further, many adolescents do not believe that non-daily smoking causes significant harm. 51 It would be useful to more closely examine the association of depression to the onset of non-daily smoking and to an increase from non-daily to daily smoking among adolescents.
While much research has reported a higher prevalence of depression for women than men (eg, 16 ), the gender difference in the prevalence of depression narrowed for both daily and non-daily smokers from 2005 to 2013. Further, the prevalence of depression among non-daily smokers increased over time for both men and women. It should be noted that while the prevalences of depression in 2013 did not differ statistically for men and women, the confidence intervals only overlapped by 0.01 and differences in the relationship of depression and smoking status for men versus women should continue to be examined over time. In a recent study, male non-daily smokers scored higher than female non-daily smokers on affect-related motives for smoking. 52 Further, male non-daily smokers reported fewer past year quit attempts and were less likely to intend to quit in the next 30 days than female non-daily smokers. 52 While few studies of smokers with depression examine cessation outcomes by gender, studies that do have suggested a greater impact of depression on treatment outcomes for women compared to men. 53 More research is needed to understand the best way to treat both men and women with depression especially non-daily smokers with depression.
Lower socioeconomic status is associated with a greater prevalence of depression 54, 55 as well as higher prevalence of smoking, greater nicotine addiction, lower quit motivation, and less success quitting smoking. [56] [57] [58] Further, those in lower income groups report worse health compared to higher income groups. 59, 60 While some research has suggested that non-daily smokers, compared to daily smokers, are more likely have to higher incomes 7, 48 and our results showed an significant increase in past-year depression for middleincome non-daily smokers, little is known about non-daily smoking and income at the current time.
Learning more about the relationship of depression to nondaily smoking, including the mechanisms of this relationship, may inform interventions for non-daily smokers especially for younger and lower SES smokers. It may be beneficial for treatment programs targeting non-daily smoking to include information about the link between depression and smoking and coping skills related to mood.
Limitations and Generalizability
A number of limitations of the current study should be noted. Results may not generalize to those not included in the NSDUH study (ie, institutionalized persons, persons living outside of the United States). While data for the NSDUH were collected annually, these data were cross-sectional. Longitudinal data would be needed to examine the relationship of non-daily smoking and depression in the same persons over time. In addition, variables that were included in the analyses were limited to those collected in the NSDUH study. As one example, time to first cigarette was used as a proxy for nicotine dependence and it would be useful for future studies to examine other measures of nicotine dependence. Non-daily smokers may be former nonsmokers who began non-daily smoking or former daily smokers who reduced their cigarette consumption to non-daily levels in an effort to quit or for other reasons. 8, 9, 61 It would be important for future research to examine whether depression relates to non-daily smoking differently for subgroups of non-daily smokers. In addition, as nondaily smokers can either quit smoking or increase to become daily smokers, 9, 10, 62 it would be important for longitudinal research to examine the relationship between depression and transitions in smoking for non-daily smokers (increases to daily smoking and decreases to nonsmoking). Finally, the variables that were examined and included as covariates were selected a priori based on previous research suggesting their relationships with smoking and/or depression. There may be other variables that would be important to examine or covary for when examining the relationship between smoking and depression that were beyond the scope of the current study but can be examined in future studies.
Conclusions
In the current study of US persons aged 12 and older, the prevalence of past-year depression for non-daily smokers was equivalent to daily smokers and greater than never-smokers. While the prevalence of past-year depression remained stable for daily smokers over time, past-year depression increased among non-daily smokers, especially among youth, those who smoke less, and those who appear not to be dependent on nicotine. More work on the mental health of nondaily smokers is needed to better understand the smoking behavior of this understudied, but important group of smokers, in order to improve quit outcomes and reduce the negative consequences of smoking.
